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This study looks at the degree of correlation between stock prices and productivity at different levels,
i.e. analysis of the correlations between certain components of the two variables and how correlations vary 
according to the different frequencies characterising these variables.
It should be acknowledged that the approach used is only designed to isolate the stylised facts 
related to the cyclical components of the variables under review and not to explain them. In particular,
the method chosen cannot be used to make forecasts or to provide a reﬁ  ned economic interpretation 
of these stylised facts.
Nonetheless, this analysis, applied to the United States and the euro area over the period 1973(1)-1985(4), 
highlights the following points:
• in the United States, an increase (or reduction) in the cyclical component of the rate of stock returns is 
positively correlated with current or future increases (or reductions) in that of the productivity growth rate;
• in the euro area, this correlation is less strong.
It appears, for example, that a sharp fall in stock prices precedes a marked decline in productivity (link 
between stock prices and future productivity) and, as a result, in proﬁ  ts. This fall could then be interpreted 
as a normal, even desirable, adjustment mechanism for asset prices. Correspondingly, a sharp rise in 
stock prices should not automatically be interpreted as the emergence of a future bubble given that such 
rises appear to foreshadow an increase in productivity and therefore in proﬁ  ts. Over the most recent period 
1986(1)-2002(4), these correlations appear less pronounced, thus indicating a possible break.
Our result is robust given that two complementary methods corroborate it and that it is similar to
Estrella’s (2003) ﬁ  ndings for the United States. This pattern appears to suggest that the cyclical component 
of stock prices is in phase with that of productivity. 
NB:  The authors would like to thank the members of the Financial Stability Review steering committee and an anonymous referee for their comments.
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F
rom a theoretical point of view, the price of a 
ﬁ  nancial asset reﬂ  ects the proﬁ  t expectations 
of the company concerned.1 Much research 
shows, for example, that stock returns are positively 
correlated with future production (Fama, 1990).
At the same time, production and expected proﬁ  ts 
are in principle closely linked to productivity: 
productivity gains are in general associated with 
expanding production and reductions in unit labour 
costs.2 It follows that an increase in productivity may 
lead to a rise in future proﬁ  ts.
However, ﬁ  nancial asset prices and productivity can 
be distorted or inﬂ  uenced by short-term factors that 
have nothing to do with the fundamentals or the 
structural relation between the two variables. Asset 
prices can, for example, react to market rumours. 
In the same way, average labour productivity 
is sometimes affected by short-term factors
(see Croux, Forni and Reichlin, 2001 or Estrella, 
2004, for discussion of this last point). We may 
consequently observe divergences in developments 
in these variables during certain periods.
Furthermore, over the period under review
(1972-2002), stock markets in both the United States 
and the euro area posted very great ﬂ  uctuations. 
Most strikingly, in the second half of the 1990s
in the United States, strong growth on equity 
markets was accompanied by a substantial 
increase in labour productivity. If the existence 
of a co-movement between these two variables 
were substantiated, it would be possible to derive 
information about the direction of one variable 
from that of the other.
A number of statistical techniques allow us to 
measure the degree of correlation between asset 
prices and productivity at different levels: analysis 
of the correlations between the components 
of the two variables; and investigation of how 
correlations vary according to the different 
frequencies characterising these variables (dynamic
correlations, see Avouyi-Dovi and Matheron, 2003). 
It should be noted that the approach adopted in 
this study is not designed to provide an explanation 
but rather to isolate stylised facts regarding 
the components of the variables under review.
In particular, the method does not enable us to 
make forecasts or to provide a reﬁ  ned economic 
interpretation of these stylised facts. It should 
also be borne in mind that, by deﬁ  nition, our 
approach does not allow us to study pathological
phenomena such as bubbles, which are eliminated 
from this analysis.3
In the wake of Kydland and Prescott (1982), the 
approach selected has become widespread in the 
literature devoted to economic cycles. In this type 
of research, productivity plays a crucial role in 
economic developments. However, this approach 
has been little used with respect to ﬁ  nance, with 
a few rare exceptions, notably Estrella (2003) and 
Beaudry and Portier (2005), who apply it to the 
analysis of interactions between productivity, 
monetary policy and ﬁ  nancial indicators in the 
context of the US economy.
The originality of our contribution lies in the number 
of methods utilised and, above all, in their application 
to the euro area. To our knowledge, there are virtually 
no studies providing an analysis of the co-movements 
of productivity and stock returns that deal both with 
the United States and the euro area. In order to 
avoid using data that are likely to be substantially 
revised, we propose studying the two variables at
a quarterly frequency over the period 1972-2002.
We start by isolating the cyclical and long-term 
components of the productivity growth rate and 
stock returns in the euro area and United States 
in order to study their correlations. This allows us
to measure how the co-variation between the 
productivity growth rate and stock returns changes 
depending on whether one takes the unadjusted 
series or solely the cyclical components of these 
variables. In addition, we compare the cyclical 
components of stock returns in the United States 
and the euro area in order to verify whether
the hypothesis of interdependence remains valid 
for our sample.
We then go on to employ dynamic correlations 
to obtain a more detailed decomposition of the 
1  In terms of theoretical approaches, we can cite that of Gordon-Shapiro in which the price of a stock is equal to the discounted value of the dividends on that stock 
(see Wadhwani, 1999) and the so-called residual income approach (the Edwards-Bell-Ohlson model), which makes it possible to decompose the value of a stock into 
two components: an accounting measure of capital and the discounted value of expected proﬁ  ts (Edwards and Bell, 1961, and Ohlson, 1995).
2  All other things being equal, when productivity increases, unit labour costs fall and proﬁ  ts increase. It is this accounting relation that suggests that there may be 
a positive relation between productivity and stock prices.
3  In addition, analysing this type of phenomenon would require the prior deﬁ  nition of an equilibrium level for asset prices, which is not the purpose of this study.ARTICLES
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co-variation between these variables using their 
position in the frequency domain (low frequency for 
the long term, intermediate frequency for business 
cycles, and high frequency for the residual).
1|  CO-VARIATION OF COMPONENTS
  OF THE PRODUCTIVITY
  GROWTH RATE
  AND THE STOCK RETURN RATE
1|1 Methodological  reminder 
Under certain circumstances, a chronological series 
may be regarded as the sum of different signals
(or movements), each of which appears at speciﬁ  c 
frequencies (see Brockwell and Davis, 1991). From 
the point of view of economic or ﬁ  nancial analysis, it 
may be useful to isolate a number of speciﬁ  c signals 
in the unadjusted series:4 in principle, it would not 
be pertinent to analyse the business cycle using an 
indicator that includes both long-term and cyclical 
phenomena. For this, we use ﬁ  ltering techniques.
Comparative studies of these techniques have 
shown that they are not all very robust and that the 
use of some of them does not necessarily lead to 
the result expected in terms of the decomposition 
of the series (see Guay and Saint-Amant, 2005).
In this paper, we have used one of the most
effective techniques –the ﬁ   lter proposed by 
Christiano and Fitzgerald in 2003.5 It allows us to 
isolate, for the United States and the euro area, 
the cyclical and permanent components of the 
apparent labour productivity growth rate and of 
the rate of real stock return rate.
The data are taken from the bases of Datastream (DS) 
or ofﬁ  cial US or European sources (see Box 1). For 
reasons of consistency, we have chosen here to 
analyse real data. Moreover, hourly productivity 
data for the euro area are not available for the whole 
of the study period. In addition, as a result of the 
difﬁ  culty of measuring working time in euro area 
Box 1
Empirical data
The data used are quarterly and cover the period from the ﬁ   rst quarter of 1972 to the fourth quarter of 2002.
A quarterly frequency has been chosen in order to have a measure of productivity that covers the whole of the business 
sector. The period covered by the study has been chosen in order to avoid the problem of the revision of data, especially 
those for the US economy, which are revised over several years. Variables available with a monthly frequency (stock prices, 
etc.) have been turned into quarterly data using three-month averages.
The stock prices taken as asset prices in this study are the indices calculated by Datastream. This choice is dictated by 
the wish to use indices estimated in an identical manner and covering the same sectors for the two areas under review. 
In addition, they are available for a long period including for the euro area. These indices are deﬂ  ated by the relevant 
consumer price index for each area. Stock returns are calculated as the ﬁ  rst difference of the logarithm of stock prices. 
Data for economic activity and prices are seasonally adjusted.
• Data for the United States: the consumer price index and real GDP are taken from the databases of the Bureau of
Labor Statistics. GDP corresponds to the business sector excluding agriculture.
• Data for the euro area: real GDP and the consumer price index are taken from the database of the ECB’s area wide 
model for the euro area developed by Fagan et al. (2005). Pre-1999 data have been backdated.
Apparent labour productivity is calculated as the ratio of real GDP to employment for the euro area, and the ratio of
real GDP to total hours worked for the United States.
4  We may recall here what Engle said in 1974 regarding the treatment and analysis of time series: “ … there is little discussion of whether the same model applies to 
all frequencies. It may be too much to ask of a model that it explains both slow and rapid shifts in the variables, or both seasonal and non-seasonal behaviour. It 
is at least reasonable to test the hypothesis that the same model applies at various frequencies.” See also Corbae et al. (2002).
5  These authors state: “We identify one approximation which, though it is only optimal for one particular time series representation, nevertheless works well for 
standard macroeconomic time series.”ARTICLES
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countries, annual labour productivity data, which 
are available for a short period, are not regarded by 
experts as very reliable. We have therefore opted 
for the most robust productivity indicators for the 
euro area, i.e. per capita productivity. By contrast, 
in the case of the United States, hourly productivity, 
taking account of the total number of hours worked, 
has been preferred. This creates a small distortion 
between the two areas under review, but in the 
United States productivity dynamics measured by 
per capita or hourly production are comparable.
We have opted for hourly productivity, which seemed 
to us to be richer in terms of information. As shall 
be seen later, the results obtained in this article are 
qualitatively robust to account being taken of this 
alternative measure of average productivity.
In the deﬁ  nition of the business cycle put forward 
by the National Bureau of Economic Research 
(NBER), the cyclical component of a series 
comprises all cycles whose duration is between 
six and thirty two quarters, while the permanent 
or long-term component is associated with cycles 
with a duration greater than thirty two quarters. 
In what follows, we use the expressions “duration” 
and “recurrence period” interchangeably.6
Artis et al. (2003) took the recurrence period of the 
cycle as being between ﬁ  ve and thirty two quarters. 
We have preferred the deﬁ  nition based on the work 
and discoveries of Burns and Mitchell (1946), used 
notably by the NBER.7 Indeed, Burns and Mitchell 
highlighted that the duration of a phase of the 
cycle is no less than 6 quarters and no greater than 
thirty two quarters. This deﬁ  nition has become 
customary when describing the business cycle in 
the United States. As a result, the recurrence period 
of the business cycle is taken as being between
six and thirty two quarters.
Once the business cycle has been isolated, we
assess the correlations between the cyclical 
components of the different variables being 
investigated. These calculations are carried out 
using a robust estimation method, the augmented 
generalised method of moments, which enables 
unbiased measurement of coefﬁ  cients  and 
conﬁ  dence intervals (see Box 2).
Box 2
Calculating the correlations
Let a (at, t = 1,..., T where T designates the number of observations) be the apparent labour productivity growth rate 
and r (rt, t = 1,..., T) the return on the DS index. We indicate the short-term component of a variable by the exponent ct.





, for k = -2,...,2.
These correlations are estimated by a robust econometric method, the generalised moments method augmented by the 
Newey-West HAC procedure (with four lags), which allows us to correct the effects of a potential heteroscedasticity of 
residuals. This correction helps to obtain unbiased estimates of standard deviations for the correlation coefﬁ  cients. 
The calculation of the correlations between the current, leading or lagged cyclical components allows for a more reﬁ  ned 
interpretation of the relation highlighted between these components. To illustrate our point, let us take the example of 
productivity at date t at
ct and of leading (k positive) or lagged (k negative) stock returns r 
ct 
t+k for k periods: 
• for k = 0, a signiﬁ  cantly positive correlation indicates similar behaviour in the two cyclical components of the two variables; 
by contrast, a negative correlation points to opposite behaviour in the two variables; 
• for k = -1 (or +1) for example, a signiﬁ  cant positive correlation indicates that the cyclical component of productivity precedes 
(or anticipates) that of stock returns by one quarter.
6  The period is deﬁ  ned as the inverse of the frequency. We see therefore that the longer the recurrence period of a cycle, the lower the frequency of the phenomena. 
Thus, we talk about low frequencies when we look at long-term movements, which are generally associated with the idea of growth.
7  For technical details, see Christiano and Fitzgerald (2003) or Baxter and King (1999), and Avouyi-Dovi and Matheron (2003) or Zhu (2005) for applications.ARTICLES
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Table 1 summarises the correspondence between 
recurrence periods (time domain analysis) and 
frequencies (spectral analysis), which we will draw on
in the formulation of the dynamic correlations. 
The table should be read as follows: a cycle whose 
recurrence period is equal to a single quarter 
corresponds to a frequency of 2π. A cycle whose 
recurrence period is thirty two quarters then 
corresponds to a frequency of 2π/32, i.e. π/16.
The raw and ﬁ  ltered data for the United States and 
the euro area respectively are set out in Charts 1 
and 2. The left-hand column of each of the charts 
shows the raw data (thin line) and their long-term 
components (thick line), deﬁ   ned as frequency 
movements of less than π/16 (i.e. cycles of
thirty two quarters). The right-hand column shows 
cyclical components, as deﬁ  ned above.
The long-term components call for a number of 
remarks. First, we note that in the United States 
the productivity growth rate is characterised 
by a marked upward trend from the mid-1990s 
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Chart 1
Raw US data and their long-term and cyclical components
(%)
Productivity growth (a) Cyclical component of a
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Note: Permanent components are indicated by the thick line in the left-hand column.ARTICLES
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downward. These results corroborate the ﬁ  ndings of
Lecat (2004) and Skoczylas and Tissot (2005). 
Second, the long-term trend in stock returns is 
similar in the United States and the euro area: after 
a substantial rise in the second half of the 1990s,
a swift correction took place in the early 2000s.
1|2 Results
The results of the correlations are set out in
Table 2. Charts 3 and 4 provide a visual comparison 
of the cyclical components of the apparent 
productivity growth rate, marked a, and the stock 
return rate, marked r. 
Chart 2
Raw euro area data and their long-term and cyclical components
(%)
Productivity growth (a) Cyclical component of a
















Stock returns (r) Cyclical component of r



















Note: Permanent components are indicated by the thick line in the left-hand column.ARTICLES
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An analysis of the charts shows that:
• in the United States (see Chart 3), the cyclical 
components of the productivity growth rate and stock 
returns appear to co-vary and are therefore mainly in 
the same phase, at least until the mid-1990s;
• in the euro area (see Chart 4), overall we reach the 
same conclusion, but the two variables appear to get 
out of sync earlier, in the mid-1980s;
• the cyclical components of stock returns in the 
United States and the euro area appear to co-vary 
positively (see Chart 5). This co-variation suggests 
the possible presence of contagion effects from the 
United States to the euro area.
It thus appears that there is a positive relation 
between productivity and stock returns. It is difﬁ  cult, 
however, on reading the charts to tell whether there 
is a signiﬁ  cant relation between the productivity 
growth rate at date t and current, lagged or leading 
stock returns.
Charts 3 (United States) and 4 (Euro area)
Comparison of the cyclical components of the productivity growth rate and the stock return rate
United States Euro area
1980 1990 2000
Of productivity growth (left-hand axis)









Of productivity growth (left-hand axis)
Of real stock returns in DS index (right-hand axis)
Cyclical component:
It should be possible to clarify this point via 
an analysis of the correlations (see Table 2 and 
Table  2a in the appendix), which leads to the 
following observations.
Chart 5
Comparison of the cyclical components
of stock returns in the United States and the euro area
(%)
1980 1990 2000 1975 1985 1995
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UNITED STATES
•  A strong and statistically signiﬁ  cant  positive 
correlation at the usual threshold (5%) appears to exist 
between the cyclical components of the productivity 
growth rate and stock returns (Table 2, column 2). 
We note in particular that a positive variation in r in 
a previous quarter precedes a positive variation in 
the cyclical component of the productivity growth 
rate. This interpretation is consistent with the idea 
that stock prices reﬂ  ect proﬁ  t expectations.
• By comparing columns 1 and 2, we can see that 
the relation between the raw data concerning a and r 
appears less clear. In particular, few of the correlation 
coefﬁ  cients are statistically different from 0 or have 
the sign suggested by economic theory.
•  The correlations calculated for the sub-period 
1973(1)-1985(4) corroborate and reinforce the 
results presented above. On the other hand, for the 
sub-period 1986(1)-2002(4), the relation between 
the cyclical components of productivity and stock 
returns appears signiﬁ  cantly less marked.
It should be noted that in the case of the United States, 
the above conclusions are qualitatively insensitive 
to the measure of productivity used. Indeed, 
we obtain very similar results using per capita 
productivity (see Table 2a in the appendix).
Estrella (2003) obtains similar results to ours over 
a longer period (1954-2002). In particular, he ﬁ  nds 
an instantaneous correlation between the cyclical 
components of stock returns and productivity 
of 0.60, compared with 0.50 for the whole of our 
sample. It should be pointed out that he uses a 
different deﬁ  nition of the business cycle to ours 
(between eleven and twenty eight quarters) and 
uses the SP500 index for stock prices. This shows 
that the result obtained is generally robust.
EURO AREA
• There also appears to be a positive and signiﬁ  cant 
relation between the cyclical components of the 
productivity growth rate and stock returns, but 
it appears less marked than for the United States
(see Table 2, column 4).
Table 2
Correlations
United States Euro area
(1) (2) (3) (4)
k Raw data Filtered data Raw data Filtered data
period 1973(1) – 2002(4)
Corr[a(t), r(t+k)] -2 0.03 0.32 (*) 0.13 0.37 (*)
-1 0.22 (*) 0.49 (*) 0.12 0.38 (*)
0 0.18 0.46 (*) 0.06 0.23 (*)
1 0.13 0.27 (*) 0.02 -0.07 
2 -0.23 (*) 0.05 -0.25 (*) -0.42 (*)
period 1973(1) – 1985(4)
Corr[a(t), r(t+k)] -2 0.14 0.41 0.27 (*) 0.61 (*)
-1 0.41 (*) 0.67 (*) 0.21 0.64 (*)
0 0.34 0.70 (*) 0.06 0.40 (*)
1 0.31 (*) 0.48 (*) -0.03 -0.06 
2 -0.18 0.11 -0.27 (*) -0.54 (*)
period 1986(1) – 2002(4)
Corr[a(t), r(t+k)] -2 -0.11 0.34 (*) -0.02 -0.08
-1 0.00 0.33 0.09 -0.07
0 -0.01 0.21 0.09 -0.12
1 -0.11 0.05 0.12 -0.22
2 -0.31 (*) -0.03 -0.24 -0.36 (*)
Note: A star indicates a signiﬁ  cant coefﬁ  cient at the 5% threshold. a(t) denotes the labour productivity growth rate and r(t) stock returns. For example, if k=1, 
Corr[a(t),r(t+k)] denotes the correlation between a(t) and r(t+1). See Box 2. The ﬁ  ltered data correspond to the cyclical components of the variables under review.ARTICLES
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• The observation concerning the effect of past 
stock returns (a maximum of two quarters) on 
productivity, i.e. the fact that a positive (negative) 
variation in stock returns precedes a movement of 
the same sign in productivity, also remains true for 
the euro area.
• The sign of the correlation coefﬁ  cient between 
productivity and two-period leading returns is 
surprising. We should note that here too the use of 
raw data (see Table 2, column 3) would have led to 
the absence of any signiﬁ  cant relation between the 
two variables.
•  By carrying out an analysis based on
sub-samples, we arrive at a similar conclusion to 
that drawn for the United States. The link between 
the cyclical components of productivity and 
stock returns derives mainly from the sub-period 
1973(1)-1985(4).
Overall, the above results reveal a number of 
common points between the United States and 
the euro area. In both cases, there appears to be 
a relation between the productivity growth rate 
and the stock return rate. The ﬁ  ltering of the data 
reveals that this relation appears to be essentially 
located at business cycle frequencies, i.e. that it may 
derive from movements whose recurrence period is 
between six and thirty two quarters.
Moreover, a past increase in the cyclical component 
of the stock return rate is positively correlated 
with a contemporaneous increase in that of the 
productivity growth rate. Thus, a sharp fall in 
stock prices appears to precede a marked decline 
in productivity and, all other things being equal, in 
proﬁ  ts. In this instance, the fall could potentially 
be interpreted as an adjustment mechanism for 
ﬁ  nancial markets. Similarly, a sharp rise in stock 
prices should not automatically be interpreted 
as the appearance of a future bubble given that 
the latter appears to foreshadow an increase in 
productivity and therefore in proﬁ  ts. Put more 
succinctly, we may interpret stock returns
as a leading indicator of productivity at business 
cycle frequencies.
We should note that there is a positive and signiﬁ  cant 
correlation between the cyclical components of 
stock returns in the United States and the euro area 
(see Table 3). This result is line with that obtained 
by Avouyi-Dovi and Neto (2004).
We complete this part of the study with an analysis 
of causality as deﬁ  ned by Granger8 in order to 
identify some preliminary explanations for the 
relations described above. We set out the results of 
the Granger causality tests in Table 4. These tests are 
conducted on raw or ﬁ  ltered data. In the latter case, 
for technical reasons, the results need be interpreted 
very cautiously.9 As a result, the Granger causality 
tests are used here primarily to corroborate the 
results already obtained.
The results suggest that the apparent productivity 
growth rate accounts for part of stock market return 
behaviour both in the United States and the euro area. 
Table 3









Corr[rUS(t), rZE(t+k)] -2 0.02 -0.12 0.25
-1 0.21 0.05 0.39 (*)
0 0.38 (*) 0.31 (*) 0.42 (*)
1 0.43 (*) 0.50 (*) 0.30 (*)
2 0.32 (*) 0.47 (*) 0.10
Note: rUS(t) denotes stock market returns in the United States and rZE(t) those 













r does not cause a 93.00 80.50 63.00 99.99
a does not cause r 0.29 0.01 0.64 0.00
Note: The null hypothesis is the absence of causality. The test statistic is 
distributed as a χ² whose number of degrees of freedom is equal to the number 
of constrained parameters in the regressions. This number is equal to 3 in our 
analysis. A critical probability of less than 5% indicates a rejection of the null 
hypothesis at the 5% threshold.
8  According to Granger, x causes y if taking account of x improves the forecasting of y. 
9 The  deﬁ  nition of cyclical components is based on the application of a bilateral moving average ﬁ  lter, so that the cyclical component of a variable at a given date 
contains information about the future values of the raw variable.ARTICLES
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By contrast, the reverse Granger-causality relation 
does not appear compatible with the data.10
In what follows, we test the robustness of the above 
results using a complementary technique. This 
enables us to arrive at a more reﬁ  ned analysis of 
the above-described correlations.
2| ANALYSIS
  OF DYNAMIC CORRELATIONS
2|1  Concept of dynamic correlation
In this section, we assess directly the correlation 
between each of the different movements
making up the variables under review.11 We thus 
avoid deﬁ  ning the various components at the 
outset as we did in the previous section. The 
corollary to this is that this technique involves a 
greater number of calculations.
The dynamic correlation between
two chronological series on a given frequency 
band, for example business cycle frequencies, 
can be interpreted as the degree of correlation 
between the cyclical components of these 
series located on the frequency band 
selected. This measure is relatively ﬂ  exible,
as it gives us a continuous picture of
the variations in the correlation on different 
frequencies bands (see Croux, Forni and 




Let us take a stationary bivariate process (xt, yt)’. The traditional concept of correlation is a static measure of the linear 
relation between xt and yt . By contrast, the dynamic correlation between xt  and yt, denoted ρxy (ω), makes it possible to 
decompose the correlation between these series in the frequency domain. In particular, it allows us to quantify the amount 
of the correlation between xt and yt that is due to the movements observed at frequency ω. Let S(ω) denote the spectral 
density of (xt , yt )’ at frequency ω:
S(ω) = ( 
Sx(ω) 
Syx(ω)  Sy(ω) 
Sxy(ω) ),              ω 
 
∋ [– π, π] 
where the cross spectrum Sxy (ω) is a complex number, such that Sxy (ω) = Syx (ω)’ (with the sign “ ’ ” denoting the
transpose-conjugate operation). The dynamic correlation ρxy (ω) associated with (xt , yt )’ is deﬁ  ned by:
 ω 
 




where Cxy (ω) is the real part of Sxy (ω). Thus, this statistic is nothing more than the correlation coefﬁ  cient between real 
waves at frequency ω appearing in the spectral decomposition of (xt , yt )’.









where Γk = Ezt z’t -k is the autocovariance at order k of (xt , yt )’. In practice, the Γk are not known.  We use a VAR model, 
previously estimated on (xt , yt )’ and derive from it analytically the Fourier transform needed for the calculation of S(ω). 
The conﬁ  dence intervals relating to the dynamic correlations are simply calculated from the sampling uncertainty associated 
with the VAR model.
10  To complete this study, we also carried out tests on the cyclical components of the real interest rate and the productivity growth rate. The calculation of the correlations 
between these two variables produced a weakly signiﬁ  cant relation in the United States and a negative contemporaneous relation for the euro area. The causality 
tests did not allow us to corroborate these relations. It appeared difﬁ  cult to draw any conclusions from these exercices. Moreover, like Estrella (2003), we also studied 
the links between the cyclical components of the nominal short-term interest rate and the productivity growth rate. In this case, we obtained a negative relation for 
the two areas. In the interests of consistency, we favoured the analysis of real variables.
11  It can be shown that under some circumstances, a statistical series can be split into an inﬁ  nite number of components, each of which appears at a speciﬁ  c frequency. 
It is customary to refer to these components as movements (for example, short-term movements, seasonal movements, etc.).ARTICLES
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2|2 Results
The empirical results are set out in Charts 6
and 7. The shaded area indicates the conﬁ  dence 
interval at 95%.12 The frequencies indicated on the
x-axis demarcate the business cycle, between π/16
(thirty two quarters) and π/3 (six quarters), the
long-term (low frequencies), between 0 and π/16, 
and the residual, from π/3 to π.
In the United States, the dynamic correlation 
between the apparent labour productivity growth 
rate and stock returns (see Chart 6) is statistically
non-signiﬁ   cant at low frequencies, i.e. for 
movements of periods greater than eight years 
(thirty two quarters). On the other hand, it
becomes statistically positive at business cycle 
frequencies, thus corroborating the results in the 
foregoing section.
Regarding the highest frequencies, corresponding 
to “noise”, the chart shows signiﬁ  cant  negative 
correlation between the productivity growth rate and 
stock returns. Apart from the fact that, by deﬁ  nition, 
noise is hard to interpret, this observation illustrates 
the difﬁ  culty of obtaining a clear reading of the overall 
relation between these two undecomposed variables. 
In the euro area, the dynamic correlation between 
the apparent labour productivity growth rate and 
stock returns (see Chart 7) is close to that obtained 
for the United States: it is statistically positive at 
business cycle frequencies, but not different from 
zero at other frequencies. Once again, this result 
supports our previous conclusions. 
Lastly, Chart 8 conﬁ  rms the relation at business 
cycle frequencies between stock returns in the 
United  States and the euro area. The dynamic 
correlation between these variables is positive 
and statistically signiﬁ  cant between π/16 and π/3.
It is interesting to note that it remains signiﬁ  cant at 
low frequencies.
12  This is calculated, as is customary, using a vector autoregressive model ﬁ  rst applied to the data.
Charts 6 (United States) and 7 (Euro area)
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The analysis that we have set forth highlights that an increase in the stock return rate is positively correlated with 
current and future increases in the productivity growth rate at business cycle frequencies. Our result is robust given that 
two complementary methods corroborate it. This pattern appears to suggest that the cyclical component of stock prices 
is in phase with that of productivity. 
Accordingly, a sharp fall in stock prices may precede a marked decline in productivity and, all other things being equal, in 
proﬁ  ts. This fall could then be interpreted as a normal, even desirable, adjustment mechanism for asset prices. Similarly, 
a sharp rise in stock prices should not automatically be interpreted as the emergence of a future bubble given that
such a rise appears to foreshadow an increase in productivity and therefore in proﬁ  ts. 
It would, of course, be interesting to analyse these results using a more structural model (based on microeconomic 
behaviour) in order to corroborate or invalidate this hypothesis. But that would involve making use of tools that go beyond 
the purview of this study.ARTICLES
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APPENDIX
Table 2a
Correlations with per capita productivity
United States
(1) (2)
k Raw data Filtered data
period 1973(1)–2002(4)
Corr[a(t), r(t+k)] -2 0.13 0.48 (*)
-1 0.26 (*) 0.64 (*)
0 0.20 0.56 (*)
1 0.15 0.30 (*)
2 -0.18 -0.01
period 1973(1)–1985(4)
Corr[a(t), r(t+k)] -2 0.28 0.52 (*)
-1 0.38 (*) 0.72 (*)
0 0.33 (*) 0.67 (*)
1 0.23 0.38 (*)
2 -0.16 0.01
period 1986(1)–2002(4)
Corr[a(t), r(t+k)] -2 -0.07 0.37 (*)




Note: A star indicates a signiﬁ  cant coefﬁ  cient at the 5% threshold. a(t) denotes the labour productivity growth rate and r(t) stock returns. For example, if k=1, 
Corr[a(t),r(t+k)] denotes the correlation between a(t) and r(t+1). See Box 2. The ﬁ  ltered data correspond to the cyclical components of the variables under review.